
^i^n ol^e residual process fluid, causing the residual procesk fluid to flow off of the 
suEf^^^d exhausting the drying vapor from the system. 



few) The method of claim 51 wherein the process fluid i^ deionized water. 



PATENT 



53. (New) The method of claim 51 wherein the process fluid is hydrofluoric acid. 

54. (New) The method of claim 5 1 , further including the step of introducing a heated gas 
into the vessel after step (d) to volatilize condensed drying vapor from the surface. 

55. (New) The method of claim 51, wherein the method further includes the step of 
reclaiming drying vapor from the vessel and condensing the reclaimed drying vapor to a liquid 
form. 

56. (New) The method of claim 51 wherein the drying vapor is formed from isopropyl 



57. (New) The method of claim 51 wherein the object is a wafer substrate. 

58. (Ne^y) The method of claim 51, wherein step (b) includes rinsing the wafers in ozoriafed 
rinse fluid 

' 59. : i (New) The method of claim 51 wherein a drying compound is heatfcd to a temperature 
below its boiling point to produce the drying vapor. 

60:: (New) The method of claim 51 wherein the process fluid is discharged from the vessel in 
less than 5 seconds. 

61. (New) A method of treating and drying the surface of an object, comprising the steps of: 

(a) providing a vessel and at least one object having a surface; 

(b) exposing the object to a process fluid in the vessel; 



alcohol. 
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(c) discharging the process fluid from the vessel, leaving residual process fluid on the 
suffSdiS'm the object; 



. (d) prior to step (b), generating a drying vapor at a location remote from the vessel; and 



fe^^e) after discharging the process fluid from the vessel, introducing a drying vapor into the 
S Vessel using a carrier gas to carry the drying yapor from the remote location into the vessel, 
the drying vapor condensing on the surface of the object and reducing the surface tension of 
the residual process fluid, causing the residual process fluid to flow off of the surface. 



62; (New) The method of claim 61 wherein: 

step (a) further provides a chamber fluidly coupled to the vessel, the chamber positioned 
remotely from the vessel; 

the generating step includes the step of heating a drying compound within tfie chamber to 
produce the drying vapor; and 

step (e) includes passing the carrier gas through the chamber to cause it to caity the drying 
vapor into the vessel. 

63. (New) The method of claim 61 wherein the object is a wafer substrate. 

64. (New) The method of claim 61 whereini the process fluid is deionized water. 

65. % (New) The method of claim 61 wherein the process fluid is hydrofluoric acid. 

66. * (New) The method of claim 61, further including the step of introducing a heated gas 
into the vessel after step (d) to volatilize condensed drying vapor from the surface. 

67; (New) The method of claim 61, \yherein the method further includes the step of 
reclaiming drying vapor from the vessel arid condensing the reclaimed drying vapor to a liquid 
form. 

68. (New) The method of claim 61 wherein the drying vapor is formed from isopropyl 
alcohol. 
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69. (New) The method of claim 61 wherein the process fluid includes hydrochloric acid. 

TOSS^^fNew) The riiethod of claim 61 wherein the drying vapor condenses on substantially the 
entire surface of the object. 

71. (New) The method of claim 61, wherein step (b) includes rinsing the objects in ozonated 
rinse fluid. 



72. (New) * The method of claim 62 wherein tfie drying compound is heated to a temperature 
below its boiling point. 

73 . (New) The method of claim 6 1 wherein the rinse fluid is discharged frdni the vessel in 
less than 5 seconds. 

74. (New) A method of treating and drying tiie surface of an object, comprising the steps of: 

(a) provicUng a system containing a vessel jand at least om object having a surface; 

(b) exposing the object to a liquid chemical within the vessel to treat the object; 

(c) introducing a rinse fluid into the vessel to rinse the chemical froni th^ vessel and frpni the 
surface of the object; 

(d) performing'a quick dump to discharge the rinse fluid from the vessel leaving residual 
rinse fluid oh the surface of the object; and 

(e) after discharging the rinse fluid from the vessel, introducing a drying vapc«- into the 
vessel, the drying vapor condensing on the surface of the object and reducing the surface 
tension of the residue rinse fluid, causing the residual rinse fluid to flow off of the surfaces, 
and exhausting the drying vapor from the systena. 

75. (New) The method of claim 74 further incjuding the step of -introducing a heated gas into 
the vessel after step (e) to volatilize condensed drying vapor from the surfaqe. 
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76. (New| The method of claim 74, wherein the method further includes the step of 



77. (New) The method of claim 74 wherein the drying vapor is formed from isopropyl 
alcohol. 

78. O^ew) The method of claim 74 wherein the rinse fluid is deionized water. 

79. (New) The toethod of claim 74 wherein the object is a wafer substrate. 

80. (New) The method of claim 74 wherein the liquid chemical is hydrofluoric acid. 

81. (New) The method of claim 74 wherein the liquid chemical includes hydrochloric acid. 

82. (New) The method of claim 74^ wherein step (c) includes rinsing the objects in o^onated 
rinse fluid. 

83. (New) The method of claim 74 wherein a drying compound is heated to a temperature 
below its boiling point produce the drying vapor. 

84. (New) The method of claim 74 wherein the rinse fluid is discharged from the vessel in 
less than 5 seconds. 

85. (New) A method of treating and drying the surface of an object, comprising the steps of: 

(a) providing a vessel and at least one objecft having a surf ace;^ 

(b) exposing the object to a liquid.chemical within the vessel to treat the object; 

(c) introducing a rinse fluid into the vessel to rinse the chemical from the vessel and from tfie 
surface of the object; 

(d) discharging the rinse fluid from the vessel, leaving residual rinse fluid on the surface of 




. reclaiming drying vapor from the vessel and condensing the reclaimed drying vapor to a liquid 



*fprm; 




the object; 
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(e) priior |b Step (b), generating a drying vapor at a location remote from the vessel; and 

(f) after discharging the rinse fluid from the vessel, introducing a drying vapor into the vessel 
usin^ carrier gas to carry the drying vapor from the remote location into the vessel, the drying 
va^r condensing onrthe surface of the object and reducing the surface tension of the residual 
rinse fluid, causing the residual rinse fluid to flow off of the surfaces. 

86. (New) The method of claim 85 wherein 

step (a) further provides a chamber fluidly coupled to the vessel, the chamber positioned 
remotely from the vessel; 

the generating step includes the step of heating a drying compound witfiin the chamber to 
produce the drying vapor; and 

step (f) includes passing the carrier gas through the chamber to cause it to carry the drying 
vapor into the vessel. 

The method of claim 85 wherein the object is a wafer substrate. 

The method of claim 85 wherein the liquid chemical is hydrofluoric acid. 

89:- (New) ITiei method of claim 85, wherein the method ftirther includes the step of 
reclaiming drying yapor from the vessel and condensing the recliaimed drying vapor to a liquid 
form. ' 

90. (New) The metfiod of claim 85 wherein the drying vapor is formed from isopropyl 
alcohol. 

91 . (New) The method of claim 85 wherein the rinse fluid is deionized water. 

92. (New) The method of claim 85 wherein the method includes the step of rinsing the 
objects in ozonated water. 



87. (New) 

88. (New) 
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93. (Nejv) The method of claim 90, including the step of rinsing the object with ozonated 
rinse fluid prior to step (d). / 

i 

94. (New) The method of claim 85 wherein jhe liquid chemical includes hydrochloric acid. 

95. (New)The method of claim 85, wherein step (c) includes rinsing the objects in ozonated 
rinse fluid. 

96. (New) The^aethod of claim 86 wherein the drying compound is heated to a temperature 
below its boiling point, 

97. (New)The method of claim 85 wherein the rinse fluid is discharged from the vessel in 
less than 5 seconds. 

98. (New) The method of claim 85, further including the step of introducing a heated gas 
into the vessel to volatilize condensed drying vapor from the surface. 

99. CNcw) The method of claim 85 wherein the drying vapor condenses on substantially the 
entire surface of the object. 

100. (New) A method of treating and drying the surface of an object, comprising the steps of: 

(a) providing a-vessel and at least one object having a surface; 

(b) exposing the^object to a liquid chemical within the vessel ta treat the object; 

(c) introducing a rinse fluid into the vessel to rinse the chemical from the vessel and from the 
surface of the object; 

(d) discharging the rinse fluid from the vessel, leaving residual rinsfe fluid on the surface* of 
the object; 

(e) after discharging the rinse fluid from the vessel, introducing a drying vapdr into the 
vessel, the drying vapor condensing on the surface of the object and reducing the surface 
tension of the residual rinse fluid, causing the residual rinse fluid to flow off of the surfaces; 
wherein the method' includes the step of rinsing the objects in ozonated rinse fluid. 
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M . (New) The method of claim 100, wherein the step of rinsing the object with ozonated 
ri%e fluid is perforaied prior to step (d). 



102. (New) A method of treating and drying the surface of an object, cmiiprising the steps of: 

(a) providing a^essel, a remote chamber fluidly coupled to but 5^ote from the vessel, and 
at least one object having a surface; 

(b) treating the object using a wet processing procedu^^utside the vessel, to produce a wet 
object having residual process fluid thereon; 

(c) positioning the wet object in the vessel; 

(d) generating a drying vapor in the chap&er; and 

(e) passing a carrier gas throu^IvNie^chamber into the vessel, the carrier gas carrying the 
drying vapor from the chamber inCo the vessel, the drying vapor condensing on the surface of 
the object and reducing tMe surmce tension of the residual process fliiid, causing the residual 
process fluid to flow off [of the surface. 

103. (New) TheMethod oyfeilaimj^ step (d) includes heating a drying compound 
within the chamber to prodyce the drying vapor. 

104. (New) The metlpd of claim 103 wherein the drying compound is heated to a temperature 
below its boiling pointy 



105. (New) The Aethod of claim 102, wherein: 

step (a) further provides a lid for the vessel, the lid including at least one inlet; 
the method further includes the step of sealing the vessel using the lid; and 
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>m step (e) the carrier gas and drying vapor are passed into the vessel vi^/me at least one inlet 
me lid. 



in 



106. (New) The method of claim 103 wherein the drying compa6nd is isopropyl alcohol. 



107. (New) The method of claim 102, wherein the method further includes the step of 
reclaiming drying vapor from the vessel and condensing )ne reclaimed drying vapor to a liquid 
form. 

108. (New) The^method of claim 102,/umer including the step of introducing a heated gas 
into the vessel after step (e) to volatiliz/cond^sed (kyiilg vapor from the surface. 

109. (New) The method of claim IQewnereih the object is a wafer substrate. 

110. ^^ew) The method of c^m 102 wherein the residual process fluid includes deionized 
water. 

111. (New) The me^pd of claim 102 wherein the residual process fluid is hydrofluoric acid. 

112. (New) A method of treating and drying the surfaces of a semiconductor substrate, 
comprising the steps of : 

(a) providing a vessel and at least one semiconductor substrate having a surface; 

(b) exposing the'semiconductor substrate to a chemical treatment solution in the vessel; 

(c) discharging the treatment solution from the ve^^ 

(d) after the treatment solution has been fully discharged from the vessel and without first 
rinsing the semiconductor substrate, introducing a dryiiig vapor into the vessel, the dlryi^g 
vapor condensing on the surface of the semiconductor substrate and reducing the surface 
teiision of the residual treatment solution causing the residual treatment solution to flow off 
of the surfaces. 
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(New) The method of claim 112, further including the step of introducing a heated gas 

imo the vessel after step (d) to volatilize condensed drying vapor from the surface. 
I 

1 14. (New) The method of claim 112 wherein the drying vapor is formed from isopropyl 
alcohol. 

115. (New) iTie method of claim 112 wherein: 

step (a) further provides a lid for the vessel, the lid including at least one inlet; 

the method furtherJncludes the step of sealing the vessel using the lid; and 
in step (d) the carrier gas and drying vapor are passed into the vessel via the at least one inlet in 
thelid. 

116. (New) The method of claim 112 wherein the object is a wafer substrate. 

117. (New) The method of claim 112 wherein the drying vapor condenses on substantidly the 
entire surface of the object 

118. (New) Tliemethod of claim 112 wherein a drying compound is heated to a temperature 
below its boiling point to produce the drying vapor. 

i 19. (New) The inethod of claim 1 12 wherein the treatment solution is discharged from the 
vessel in less than 5 seconds. 

120. (New) A method of treating and drying the surfaces of an object, comprising the steps 
of: 

(a) providing a vessel and at least one pbject having a surface; 

(b) exposing the objecJ to a treatment solution in the vessel, the treatment solution including 
hydrofluoric add; 

(c) discharging the treatment solution from the vessel; 

(d) prior to step (b), generating a drying vapor at a location remote from the vessel; and 
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) after the treatment solution has been fully discharged from the vessel arid without first 
rinsing the object, introducing a drying vapor into the vessel using a canier gas to carry the 
drying vapor from the remote location into the vessel, the drying vapor condensing on the 
surface of the object and reducing the surface tension of the residual treatment solution causing 
the residual treatment solution to flow off of the surfaces. 

121. (New) The method of claim 120 wherein 

step (a) further ptovides a chamber fluidly coupled to the vessel, the chamber positioned 
remotely from the vessel; 

the generating step includes the step of heating a drying compound within the chamber to 
produce the drying Vapor, and wherein step (e) includes passing the carrier gas through the 
chamber to cause it to carry the drying vapor into the vessel. 

122. (New) The method of claim 121, wherein the method further includes the step of 
reclaiming drying vapor ft-om the vessel and condensing the reclaimed drying vapor to a liquid 
form. 

123. (New) The method of claim 120 wherein the object is a wafer substrate. 

124. (New) llie naethod pf clairii i20 fii^ of introducing a heated gas 
into the vessel afterjstep (d) to volatilize bbndenised idrying vapor from the surface. 

125. (New) 'The mfethod of claim 120 wherein the drying vapor is formed from isopropyl 
alcohol. 

126. <New) The method of claim 12() wherein Ihe treatment solution is discharged from the 
vessel in less than 5 seconds. 

127. (New) A method of treating and drying an object, comprising the steps of: 
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/ (a) providing a system containing a vessel having a moveable lid, the lid formed of a 
plurality of walls joined together to form a bottomless enclosure, and further providing an 
object having a surface; 

(b) exposing the object to a process fluid in the vessel; 

(c) sealing the vessel using the lid; 

(d) heating at least a portion of the lid to a temperature above that of the process fluid; 

(e) discharging the process fluid from the vessel, leaving residual process fluid on the 
surface of the object; and 

(f) after the process fluid has been fully discharged from the vessel, introducing a drying 
vapor into: the vessel, the drying vapor condensing on the surface of the object and 
reducing the, surface tension of the residual process fluid, causing the residual process 
fluid to flow off of the surface, and exhausting the drying vapor from the system. 

128. (New) The method of claim 127 wherein the lid is provided to have at least one inlet, 
and wherein step (f) includes introducing the drying vapor into the vessel via the inlet in the lid. 

1 29. (New) The method of claim 1 27, further including the step of introducing a purging gas 
into the vessel prior to introducing the drying vapor. 

130. (New) The method of claim 127, further including the stepi of inlxodueing a heated gas 
into the vessel after step; (f) to volatilize condensed drying vapor ftorn the surface of the object. 

131. (New) The method of claim 127 wherein the object is a wafer s 

132. (New) The method of claim 127 wherein the process fluid includes deionized water. 

133. (New) A method of treating and drying an object, comprising the steps of: 

(a) providing a vessel having a moveable lid, the lid formed of a plurality of walls joined 
together to form a bottomless enclosure, and further providing an object having a surface; 
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(b) prior to step (c) suspending the lid above the vessel, exposing the object to 
[immersing the object in] a chemical bath in the vessel, then discharging the cheiftical 
from the vessel after exposing the object, and then sealing the vessel using the lid; 

(c) exposing the object to a rinse fluid in the vessel; 

(d) sealing the vessel using the lid; 

(e) heating at least a portion of the lid to a temperature above that of the process fluid; 

(f) discharging the process fluid from the vessel, leaving residual process fluid on the 
surface of the object; and 

^ (g) after the process fluid has been fully discharged from the vessel, introducing a drying 
vapor into the vessel, the drying vapor condensing on the surface of the object arid 
reducing the surface tension of the residual process fluid, causing the residual procesfs 
fluid to flow off of the surface. 

134. (New) ..The method of claim 133 wherein the step of suspending the lid above the vesseJ 
creates a hood above the vessel for minimizing escape of fumes from the vesisel into the 
surrounding atmosphere. 

135. (New) A method of treating anctdrying the surface of an object, comprising the steps of: 

(a) providing a vessel and at least one object having a surface; ' 

(b) ^^exposing the object to a process fltiid in th^^ 

(d) ; discharging the, pi:oces& fluid from the vessel to expose the surface to an atniosphere 
within the vessel, leaving residual process fluid on the surface of the object; 

(e) after discharging the process fluid from the vessel to expose the surface, introducing a- 
drying. vapor into the vessel, the drying^vapor condensing on the surface of th6" object and 
reducing the surface tension of the residual process fluid, causing the residual prdcess^fltiid to 
flow off of the surface; and 

(f) introducing a heated^gas into the vessel after step (e) to volatilize condensed diying vapor 
from the surface. 

1'36. (New) The method of claim 135 wherein the process fluid includes deionized water. 
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137. (New) The method of claim 135 wherein the process fluid includes hydrofluoric acid. 

138. (New) The method of claim 135 wherein the process fluid includes hydrochloric acid, 

139. (New) The method of claim 135 wherein the drying vapor is formed from isopropyl 
alcohol. 

140. (New) The method of claim 135 wherein the object is a w^er substrate. 

141 . (New) The method of claim 135 wherein the drying vapor condenses on substantially the 
entire sxirf ace of the object. 

142. (New) The method of claim 135 wherein the process fluid is discharged in less than 5 
seconds. 

143. ^ew) A rriethod of treating and drying the surface of an object^ comprising the steps of: 

(a) .providing a vessel and at least one object having a surface; 

(b) exposing the object to a liquid chemical within the vessel to treat the object; 

(c) introducing a rinse fluid into the vessel to rinse the chemicai froiri the vessel and from the 
surf ace of the object; 

(d) discharging the^^rihse fluid from the vessel to expose the surface to an atmosphere within 
the vessd, leavinjg^resi dual rinse fluid on the surface of the 

(e) after discharging the rinse fluid from the vessel to expose4he siirface, introHducing a ^ 
drying vapor into the vessel; the drying vapor condensing on the surface of the iQbject and 
reducing the surface -tension of the residual rinse fluid, causing the jesidual rinse fluid to flow 
off of the surfaces; and . 

(f) introducing alieated gas^into the vessel after step (e) to volatilize condensed drying yapor 
from the surface. 

144. (New) The method of claim 143 wherein the rinse fluid includes deioni?ed watesr. 
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The method of claim 143 wherein the liquid chemical includes hydrofluoric acid^ 
146. O^ew) The method of claim 143 wherein the liquid chemical includes hydrochloric acid. 

The method of claim 143 wherein the drying vapor is formed from isopropyl 

The method of claim 143 wherein the object is a wafer substrate. 

149. (New) The method of claim 143 wherein the drying vapor condenses on substantially the 
entire surface of the object. 

150. (New) The method of claim 143 including the step of introducing a heated gas into the 
vessel after step (e) to volatilize condensed drying vapor from the surface. 

151 . ; (New) The method of claim 143 wherein the rinse fluid is discharged in less than 5 
seconds. 

1 52. (New) A method of treating and drying the surface of an object, comprising the steps of : 

(a) providing a systemconiprisihg a vessel ahd at b one object having a surface; 

(b) exposing the object to a process fluid in the Vessel^ the process fluid having a fiquidi 
level;- • ^ :■ ■ >-•■ 

(d) discharging the process fluid from the vessel so as to d^&p the liquid level of the pfocess 
fluid to an elevation beneath the elevation of the surf afee, leaving, residual^process fluid ori the 
surface of the object; 

(e) after discharging the process fluid from the vessel, iri^ 

vessel, the drying vapor^condensing on the surface of the object and reducing the' surface tehsion 
of the residual process- fluid, causing the residual process fluid to flow off of the surface/ and 
exhausting the drying: vapor from the system. 

153. (New) The method of claim 152 wherein the process fluid includes deionized water: 



145. (New) 



147. (New) 
alcohol. 

148. (New) 
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154. (New) The method of claim 152 wherein the process fluid includes hydrofluoric acid. 

155. (New) The method of claim 152 wherein the process fluid includes hydrochloric acid. 

1 56. (New) The method of claim 152 wherein the drying vapor is formed frona isopropyl 
alcohol. 

157. (New) The method of claim 152 wherein the object is a wafer substrate, 

158. (New) Hie method of claim 152 wherein the drying vapor condenses on substantially the 
entire surface of the object. 

159. (New) The method of claim 152 including the step of introducing ^ heated gas into the 
vessel to volatilize condensed drying vapor from the surface. 

160. (New) The method of claim 152 wherein the process fliiid is discharged in less than 5 
seconds. 

161. (New) A method of treating.and drying the surlfece^ object, comprising the steps of : 

(a) providing a system comprising a vessel and at least one object having a surface;. 

(b) exposing :the object to [immersing the object in] a liquid <:hemical within the vessel to 
treat the .object; 

(c) introducing a rinse fluid into the vessello rinse^the chemical froin the vessel and from-the 
surface of the object, the.rinse fluid having a liquid level within the vessel; 

(d) discharging th& rinse^uid feorn the vessel so as Jo drop the liquid levd.otthe process 
fluid to an elevation beneatfi the-eleyation of the surface, leaving residual rinse fluid on the 
surface of the object; and 

(e) after discharging the rinse fluid from the vessel, introducing a drying vapor intp the 
vessel, the drying vapor condensing on. the surface of the object and reducing the surface 
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tension of the residual rinse fluid, causing the residual rinse fluid to flow off of the surfaces, 
and exhausting the drying vapor from the system. 

162. (New) The method of claim 161 wherein the rinse fluid includes deionized water. 

163. (New) The method of claini 161 wherein the liquid chemical includes hydrofluoric acid. 

164. (New) The method of claim 161 wherein the liquid chemical includes hydrochloric acid. 

165 . (New) The mgthod of claim 161 wherein the drying vapor is formed from isopropyl 
alcohoL 

166. (New) The method of claim 161 wherein the object is a wafer substrate, 

167. (New) The method of claim 161 wherein the drying vapor condenses on substantially the 
entire surface of the object. 

168. (New) The method of claim 161 including the step of introducing a heated gas into the 
ve^siel to VolatiUze condensed drying vapor f^^ 

169. (New) The method of claini 161 wherein the rinse fluid is discharged in less than 5 
seconds. s r 

170. (New) A method of treating and drying the surface of an object, comprising tiie, steps- of ; 

(a) providing a vessel and at least one object having a surface; 

(b) exposing the object to a process fluid in the vessel; 

(d) performing a quick dump to discharge the process fluid from the vessel in less than 5 
seconds, leaving refsidual process fluid on the surface of the object; 
(d) after discharging the process fluid from the vessel, introducing a drying vapor into the 
vessel, the drying vapor condensing on the surface of the object and reducing the surface 
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surface. 

17L (New) The method of claim 170 wherein the process fluid includes deionized water. 

172. (New) The method of claim 170 wherein the process fluid includes hydrofluoric a6id. 

173. (New) The method of claim 170 wherein the process fluid includes hydrochloric acid/ 

^ 174. (New) The method of claimr 170 wheitin the drying vapor is formed from isopropyl 
alcohol. 

175. (New) The method of claim 170 wherein the object is a wafer substrate. 

176. (New) The method of claim 170 wheriein the drying vapor condenses on substantially the 
entire surface of the object. 

177. (New) The method of claim 170 including the step of introducing a^heated gas into the^ 
vessel to volatize^condensed drying vapor from the siM 

178. (New) A nietl^od of treating and drying the surface of an object, coniprising the steps of: 
(k) providing a vesisel and at least one object hiaving a surface; 

(b) exposing the object to a liquid chemical within the vessel to treat the object; 

(c) introducing a rinse fluid into the vessel to riiiise the chemical from the vessel arid'from th^ 
surface of the4>bject;. 

(d) performing a quick dump to discharge the rinse fluid from the vessel in less than 5 
seconds, leaving residual rinse fluid on the surface of the object; and 

(e) afterdischarging the rinse fluid from the vessel, introducing a drying vapor into the 
vessel, the drying vapor condensing on the surface of the object and reducing the surface 
tension of the residual rinse fluid, causing the residual rinse fluid to flow off of the surfaces. 
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causing the residual process fluid to fldW off of the 
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